Each lifting operation has a risk of injury to people. Although many tasks are repetitive
and of low risk, a percentage of them will be of greater risk and will require appropriate
scrutiny and input to reduce risks to an acceptable level. It is worth noting that many
accidents occur in what are perceived as low risk everyday operations. It is therefore
important to ensure that appropriate procedures are in place to try to ensure that lifting
teams remain alert to all likely risks regardless of the ease or difficulty of an operation.
It is important that workers involved with hoisting and rigging activities are trained in both safety and operating procedures. Hoisting
equipment should be operated only by trained personnel. The cause of rigging accidents can often be traced to a lack of knowledge
on the part of a rigger. Most crane and rigging accidents can be prevented by field personnel following basic safe hoisting and rigging
practices.
Planning and organizing lifting operations
Lifting operations can often put people at great risk of injury, as well as incurring great costs when they go wrong. It is therefore
important to properly resource, plan and organize lifting operations so they are carried out in a safe manner. Each of these elements
requires a person or people with sufficient competence to be involved at each step. These people should have sufficient theoretical
and practical knowledge of the work and equipment in question, as well as the requirements of the law, to be able to do this properly.
For complex and high-risk operations, the planning and organization should be extensive and meticulous.
Planning
The planning of individual routine lifting operations may be the responsibility of those who carry them out (e.g. a slinger or crane
operator). But for much more complex lifting operations (e.g. a tandem lift using multiple cranes), a written plan should be developed
by a person with significant and specific competencies - adequate training, knowledge, skills and expertise - suitable for the level of
the task. For straightforward, common lifting operations, a single initial generic plan may be all that is required (e.g. fork-lift trucks in a
factory), which could be part of the normal risk assessment for the activity. However, from time to time it may be necessary to review
the plan to make sure that nothing has changed and the plan remains valid. Routine lifting operations which are a little more complex
may, depending on the circumstances, need to be planned each time the lifting operation is carried out. The plan for any lifting
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The plan should set out clearly the actions involved at each step of the operation and identify the responsibilities of those involved.
The degree of planning and complexity of the plan will vary and should be proportionate to the foreseeable risks involved in the work.
Strength and stability
Lifting equipment must be of adequate strength for the proposed use. The assessment of this should recognise that there may be a
combination of forces to which the lifting equipment, including the accessories, will be subjected. The lifting equipment used should
provide an appropriate 'factor of safety' against all foreseeable types of failure. Where people are lifted, the factor of safety is often
higher. Any lifting equipment selected should not be unduly susceptible to any of the foreseeable failure modes likely to arise in
service, for example fracture, wear or fatigue.
Positioning and installation
The position of mobile lifting equipment or the location of fixed installations can have a dramatic effect on the risks involved in a lifting

operation. It is vital to take all practical steps to avoid people being struck by loads or the equipment itself during use. The equipment
should also be positioned to minimise the need to lift over people. Measures should be taken to reduce the risk of load drift (eg spinning,
swinging, etc); and of the load falling freely or being released unintentionally. Many different methods have been developed to prevent
falling loads, including the use of multiple ropes or chains, hydraulic check valves and nets for palletised loads.
Measures must be taken to ensure that people cannot fall down a shaft or hoist way. At access points to these areas, effective means to
prevent access should be in place, such as gates, barriers or doors. Where access is required to enter the area, when a platform or car is
present (e.g. a lift), the doors or gates should be interlocked to allow the gates to open only when the car is present.
When positioning lifting equipment, care must be exercised to avoid hazards arising from proximity, for example: coming into contact
with overhead power lines, buildings or structures; coming too close to trenches, excavations or other operations; and coming into
contact with buried underground services, such as drains and sewers.
Working under suspended loads
Where it can be avoided, loads should not be suspended over occupied areas. Where it cannot be avoided, the risks to people must be
minimised by safe systems of work and appropriate precautions. Where loads are suspended for significant periods, the area below them
should be classed as a danger zone, where access is restricted.
Supervision of lifting operations
Supervision should be proportionate to the risk, taking account of the competencies and experience of those undertaking the lift. Many
everyday lifting operations do not require direct supervision (e.g. experienced fork-lift operators undertaking routine lifts), although there
may be circumstances where supervisory assistance may be required to manage risk (e.g. lifting an unusual load, crossing a public road
etc). From time to time, the competence of workers undertaking lifting operations is required to ensure they continue to be carried out
safely.
Requirements of Safe Rigging
A safe rigging operation requires the rigger to know
 the weight of the load and rigging hardware
 the capacity of the hoisting device
 the working load limit of the hoisting rope, slings, and hardware.
When the weights and capacities are known, the rigger must then
determine how to lift the load so that it is stable. Training and
experience enable riggers to recognize hazards that can have an
Operator’s crane computer monitor
impact on a hoisting operation.
Riggers must be aware of elements that can affect hoisting safety, factors that reduce capacity,
and safe practices in rigging, lifting, and landing loads. Riggers must also be familiar with the
proper inspection and use of slings and other rigging hardware.
Most crane and rigging accidents can be prevented by field personnel following basic safe hoisting and rigging practices. When a crane
operator is working with a rigger or a rigging crew, it is vital that the operator is aware of the all aspects of the lift and that a means of
communication has been agreed upon, including what signals will be used.
Factors Affecting Safe Lifting Operations
There are many factors that can affect a lifting operation and it is important that personnel involved in lifting operations are aware of such
factors. Broadly, they can be classified as:
 Machine: Selection of appropriate lifting equipment for the job as well as the integrity of the equipment to perform the job;
 Material: Load that is intended to be lifted;
 Medium: Environment in which the lifting operation is to be carried out and includes the setting up and stability of the equipment;
 Man: Competency, roles and responsibilities of personnel involved in the lifting operation; and
 Method: Planning and procedures to be adopted for the lifting operation.
Machine
Sizing of the lifting equipment
One of the most critical factors in planning a lifting operation is to ensure that lifting equipment selected for the job has sufficient lifting
capacity and reach to handle the intended load. In the case of a tower, mobile, crawler or lorry crane, the lifting capacity is dependent on
the load radius of the crane boom. Hence, it is important in the selection of the crane that the distance from the load to the crane is
known. The loading and uploading points within the worksite must be carefully considered in relation to the location of the crane. For
lifting operations involving multiple loads of different shapes and sizes, the capacity of the crane should be selected based on the weight
of the heaviest load to prevent overloading.
Maintenance of the lifting equipment
Another important aspect is the maintenance of the lifting equipment to ensure its structural integrity. Based on past incidents, attention
needs to be focused on the following critical load bearing parts.
Wire ropes : There are many types of wire ropes for different usages and therefore, the correct type must be selected for the equipment.
The wire ropes must be properly maintained (lubricated) to prevent the ropes from snapping during operation.
Braking mechanism: The ability of the lifting equipment to lift or suspend a load is dependent on the brakes connected to the hoisting
mechanism. Any failure in the brakes will result in an unintended free-fall of the suspended load.

Safety devices: Most lifting equipments are equipped with safety devices such as limit switches or sensors. The safety devices will stop or
prevent the lifting equipment from entering into an unsafe mode of operation. For example, an anti two-blocking device on a crawler
crane prevents the hook block assembly from coming into contact with the boom sheave assembly. It is therefore critical to ensure that
such safety devices are functioning properly. They should never be by-passed during a normal operation
Material: There are key factors to consider in lifting a load.
Weight
This is the most important parameter that must be determined to prevent
overloading of the lifting equipment. When the load is part of an assembled
item, the weight of each component can be determined from the engineering
drawings. Other times, one must rely on the calculation of the density and
volume of the load that is being carried such as the concrete or rebars. Special
attention is essential when the load comprises different materials such as a
rubbish bucket containing waste and debris. It is safer to be extra careful and
estimate a heavier weight than assuming a lighter one. Bulky loads and
unstable loads such as containers filled with liquid need special attention

o

o

Centre of gravity (CG)
During lifting operation, it is critical to maintain the CG of the load directly
beneath the load-line, i.e., the hook. Otherwise when the load is lifted, it will
swing towards the CG and can cause danger to anyone close-by to get hit by
the swinging load. Depending on the shape and size of the load, the CG may
or may not be obvious. If in doubt, it is advisable to consult an engineer.
Method of rigging
There are different methods of rigging that are well established in the industry.
The objective of the rigging method is to ensure that the load is stable
throughout the lifting operation. For loose items such as bricks and bags of
concrete, it is critical that they are secured using an appropriate receptacle
such as safety nets or metal cage to avoid any accidental dislodgement in midair.
Medium
Once the lifting equipment is selected and the load is determined, the planning
must then focus on the environment in which the lifting equipment is operating
in and how the lifting equipment is set up. Besides environmental weather
conditions, every worksite will have to consider the specific localised hazards
which have to be eliminated or mitigated to ensure a safe lifting operation. The
following factors which must be considered in lifting a load are presented using
an acronym GOLDEN for ease of reference.

o

o

Routine versus Non-routine Lifts
A lift can be categorised as a routine lift if it is
repetitive in nature and involves loads that are
similar in shape, size and weight, i.e., multiple lifts
of similar items. The underlying principle is that
the risks involved in a routine lift are already
known and mitigated.
A non-routine lift refers to lifting operation that is
complex, carried out for the first time or lifting
close to the lifting capacity of the crane. For
example, a tandem “tilt-up” operation (i.e., lifting
using two or more cranes to tilt a long structure
from horizontal position to vertical) is a complex
non-routine lift. It will require a detailed risk
assessment and engineering method before the
lift is carried out. Specific control measures to
mitigate the risks involved in such a complex
operation will need to be put in place. For
example, in order to address the risk of a long
structure buckling during a tilt-up operation, the
numbers and location of lifting lugs will need to be
considered in the design and built into the
structure to be lifted. In short, a non-routine lift
will require extensive planning.
Notwithstanding the above, it is a misperception
to assume that as long as the weight of the load is
below a certain tonnage, it can be classified as a
routine lift and therefore require less planning or
supervision.
Based on past experiences, most crane accidents
happened during a routine lift rather than a nonroutine lift. Hence, any lifting operation whether
routine or non-routine requires the same level of
safety considerations.

Ground
The stability of the lifting equipment is highly dependent on the ground condition of the location where the lifting equipment will be set
up. Special care must be taken to ensure that the ground is level and has sufficient bearing capacity. Cranes that are equipped with
outriggers should be evenly and fully extended. In addition when using mobile or crawler cranes, it is recommended that steel plates with
adequate strength and size are used to provide a firm ground support for the crane outriggers in order to prevent any crane toppling incidents.
Obstacles
Any fixed or temporary installations such as buildings, MRT tracks, overhead power lines, bridges or underground utilities/ pipelines that
are within the proximity of the operation zone are considered as obstacles during a lifting operation. There is a risk of the lifting
equipment or load coming into contact with the installations which can result in an accidental dislodgement of the load. Such obstacles
can also refer to blind spots or entrapment points during manoeuvring of the load or lifting equipment, especially in congested areas.
Lighting condition
Adequate lighting particularly during a night operation is very crucial. Depending on the lift, the operator, rigger or signalman will need to
see the suspended load clearly in order to guide it to its safe destination.
Demarcation
The zone of operation should be clearly demarcated to inform and prevent persons who are not involved in the lifting operation from
entering into the zone unintentionally. In areas where tower, dockside and overhead travelling cranes are continuously in operation and
span a wide area, it is important to designate the affected zone of operation. In addition to that, other measures should also be taken to
prevent any person from walking under the suspended load. Such measures include deployment of more signalmen to guide the load or
installing audible alarm to warn workers about the on-going lifting operation.
Environment
Weather conditions such as heavy rain, haze or glaze will impact the visibility of the lifting crew. Other weather conditions that can impact
the stability and safety of the lifting operations include strong winds, thunderstorms or lightning situation. It is also important to
remember that wind speed is stronger at higher ground. During the planning of any lifting operation, the anticipated wind speed at the

site must be taken into consideration and refer to the crane manufacturer operation manual for the wind speed limit. It is advisable to
stop all lifting operations when the weather condition deteriorates.
Man
Investigations into past accidents showed that human error is the most common cause of accidents involving lifting operations. Therefore,
it is important that every single member of the lifting crew (operator, rigger, signalman and lifting supervisor) is adequately trained and
competent to carry out his duties properly. They must also be fully conversant with the actual lifting procedures applicable to the lifting
operation and not just the generic procedures. Here are factors that should be considered
Fit for duty
Besides the prerequisite for competency (i.e., ability to read load capacity charts), the
fitness of the personnel, pre-existing medical conditions or number of working hours
that can adversely affect his ability to discharge his duties must also be considered.
Roles and responsibilities
The roles and responsibilities of each individual involved in the lifting operations must be
clear. There must be proper leadership within the lifting crew so that instructions are
relayed appropriately. In addition, all personnel should be empowered to stop work if
the operation is or has become unsafe.
Communications
Providing communication devices such as radio walkie-talkie or application of standard crane hand signals will ensure there is a common
understanding between members of the lifting crew. Employers must take into consideration the local workforce which comprises workers
from various countries with different languages when forming the lifting crew.
Method
Most general type of lifting operations rely on established procedures after determining factors such as Machine, Medium and Man as
discussed earlier. These types of lifts are categorised as routine lifting operations. Whether the lift is routine or not, there are other
important factors in the life-cycle of a lifting operation that needs to be considered.
Knowing the weight of the load and the load radius
If the weight of the load is unknown, the general rule of thumb is not to lift the
load as it could lead to overloading and toppling of the lifting equipment.
Securing the load using appropriate lifting gears such as slings, nets or receptacles
If the load is not properly rigged or loose, there is a risk that the load will be
dislodged and dropped while being transferred from one location to another.
Conducting a test lift to ensure stability and no overloading
Test lift is simply lifting the load just slightly off the ground and stopping to
observe for any abnormalities. All operators must do this test.
Maintaining the centre of gravity (CG) of the load directly beneath the load-line
i.e., the hook
If the CG is not directly beneath the load-line, the load will swing when it is lifted
off the ground. In addition, it is dangerous and will destabilise the crane if the load
is being pulled or dragged.
Stability of the suspended load during movement/ slewing of the crane
While moving or slewing the crane, the load should be jerk or swing at all times.

Critical lift

(a) a lift by a mobile crane or boom truck that exceeds
75% of its rated capacity or while it is lifting the load at a
load radius of more than 50% of its maximum permitted
load radius, taking into account its position and
configuration during the lift,
(b) a tandem lift if the load on any one crane, hoist or
other piece of powered lifting equipment exceeds 75% of
the rated capacity of that crane, hoist or other piece of
powered lifting equipment,
(c) a tandem lift involving the simultaneous use of more
than two cranes, hoists or other pieces of powered lifting
equipment,
(d) a lift of a person in a work platform suspended from
or attached to a crane or hoist,
(e) a lift in which the centre of gravity of the load changes
during the lift,
(f) a lift in which the length of one or more sling legs
changes during a lift,
(g) a lift by a crane, boom truck or hoist, supported on a
floating base, that exceeds 90% of rated capacity for the
lifting system,
(h) a lift of a load over or between energized high voltage
electrical conductors, or
(i) a lift of a submerged load;

Lowering / releasing of the suspended load
Towards the end of the lifting operation, the load must be placed on a stable
ground. If the load is placed at a height, extra care must be taken to ensure there
is no risk of the load falling off the edge.
Often times, the load is lifted beyond the line of sight of the operator. Under such circumstances, the signalman and/ or lifting supervisor
is responsible to ensure the stability of the suspended load.
Additional Elements that can affect Hoisting Safety
 Defective components. Examine all hardware, tackle, and slings before use. Destroy defective components. Defective equipment
that is merely discarded may be picked up and used by someone unaware of its defects.
 Hazardous wind conditions. Never carry out a hoisting or rigging operation when winds create hazards for workers, the general
public, or property. Assess load size and shape to determine whether wind conditions may cause problems. For example, even
though the weight of the load may be within the capacity of the equipment, loads with large wind-catching surfaces may swing or
rotate out of control during the lift in high or gusting winds. Swinging and rotating loads not only present a danger to riggers—
there is the potential for the forces to overload the hoisting equipment.
 Weather conditions. When the visibility of riggers or hoist crew is impaired by snow, fog, rain, darkness, or dust, extra caution must
be exercised. For example, operate in “all slow”, and if necessary, the lift should be postponed. At sub-freezing temperatures, be
aware that loads are likely to be frozen to the ground or structure they are resting on. In extreme cold conditions avoid shockloading or impacting the hoist equipment and hardware, which may have become brittle

 Electrical contact. One of the most frequent killers

of riggers is electrocution. An electrical path can
be created when a part of the hoist, load line, or
load comes into close proximity to an energized
overhead power line. When a crane is operating
near a live power line and the load, hoist lines, or
any other part of the hoisting operation could
encroach on the minimum permitted distance For
example, constructors must have written
procedures to prevent contact whenever
equipment operates within the minimum
permitted distance from a live overhead power
line. The constructor must have copies of the
procedure available for every employer on the
project.
 Hoist line not plumb. The working load limits of
hoisting equipment apply only to freely suspended
loads on plumb hoist lines. If the hoist line is not
plumb during load handling, side loads are
created which can destabilize the equipment and
cause structural failure or tip-over, with little
LOAD
warning.
 Multiple Crane operation : When more than one cranes are working in close proximity , special attention is required, a crane
coordinator / supervisor having authority over all lifting operations and personnel should be used.
Factors that Reduce Capacity
The working load limits of hoisting and rigging equipment are based on ideal conditions. Such ideal circumstances are seldom achieved
in the field. Riggers must therefore recognize the factors that can reduce the capacity of the hoist.
 Swing. The swinging of suspended loads creates additional dynamic forces on the hoist in addition to the weight of the load. The
additional dynamic forces are difficult to quantify and account for, and could cause tip-over of the crane or failure of hoisting
hardware. The force of the swinging action makes the load drift away from the machine, increasing the radius and side-loading on
the equipment. The load should be kept directly below the boom point or upper load block. This is best accomplished by
controlling the load’s movement with slow motions.
 Condition of equipment. The rated working load limits apply only to equipment and hardware in good condition. Any equipment
damaged in service should be taken out of service and repaired or destroyed.
 Dynamic forces. The working load limits of rigging and hoisting equipment are determined for static loads. The design safety factor
is applied to account, in part, for the dynamic motions of the load and equipment. To ensure that the working load limit is not
exceeded during operation, allow for wind loading and other dynamic forces created by the movements of the machine and its
load. Avoid sudden snatching, swinging, and stopping of suspended loads. Rapid acceleration and deceleration also increases these
dynamic forces.
 Weight of tackle. The rated load of hoisting equipment does not account for the weight of hook blocks, hooks, slings, equalizer
beams, and other parts of the lifting tackle. The combined weight of these items must be added to the total weight of the load, and
the capacity of the hoisting equipment, including design safety factors, must be large enough to account for the extra load to be
lifted.
Crane
A crane is a type of machine, generally equipped with a hoist, wire ropes or chains, and sheaves, that can be used both to lift and lower
materials and to move them horizontally. It is mainly used for lifting heavy things and transporting them to other places. It uses one or
more simple machines to create mechanical advantage and thus move loads beyond the normal capability of a man.
Types of cranes
Overhead crane
An overhead crane, also known as a bridge crane, is a type of crane where the hook-andline mechanism runs along a horizontal beam that itself runs along two widely separated
rails. Often it is in a long factory building and runs along rails along the building's two long
walls. It is similar to a gantry crane. Overhead cranes typically consist of either a single
beam or a double beam construction. These can be built using typical steel beams or a
more complex box girder type
Mobile crane
A mobile crane is "a cable-controlled crane mounted on crawlers or rubber-tired carriers"
or "a hydraulic-powered crane with a telescoping boom mounted on truck-type carriers or
as self-propelled models." They are designed to easily transport to a site and use with
different types of load and cargo with little or no setup or assembly.

The most basic type of mobile crane consists of a truss or telescopic boom mounted on a
mobile platform - be it on road, rail or water. A crane mounted on a truck carrier provides
the mobility for this type of crane. This crane has two parts: the carrier, often referred to as
the Lower, and the lifting component which includes the boom, referred to as the Upper.
These are mated together through a turntable, allowing the upper to swing from side to
side. Mobile cranes generally operate a boom from the end of which a hook is suspended
by wire rope and sheaves. The wire ropes are operated by whatever prime movers the
designers have available, operating through a variety of transmissions. Steam engines,
electric motors, and internal combustion engines (IC) have all been used.

side shift crane

rough terrain crane

crawler crane

Mobile crane

Tower crane
Tower cranes are a modern form of balance crane that consist of the same basic parts.
Fixed to the ground on a concrete slab (and sometimes attached to the sides of structures
as well), tower cranes often give the best combination of height and lifting capacity and
are used in the construction of tall buildings. The base is then attached to the mast which
gives the crane its height. Further the mast is attached to the slewing unit (gear and
motor) that allows the crane to rotate. On top of the slewing unit there are three main
parts which are: the long horizontal jib (working arm), shorter counter-jib, and the
operator's cab. The long horizontal jib is the part of the crane that carries the load. The
counter-jib carries a counterweight, usually of concrete blocks, while the jib suspends the
load to and from the center of the crane. The crane operator either sits in a cab at the top
of the tower or controls the crane by radio remote control from the ground
Telescopic crane
A telescopic crane has a boom that consists of a number of tubes fitted one inside the
other. A hydraulic or other powered mechanism extends or retracts the tubes to increase
or decrease the total length of the boom. These types of booms are often used for short
term construction projects, rescue jobs, lifting boats in and out of the water, etc. The
relative compactness of telescopic booms make them adaptable for many mobile
applications. Though not all telescopic cranes are mobile cranes, many of them are truckmounted.
A telescopic tower crane has a telescopic mast and a superstructure (jib) on top so that it
functions as a tower crane. Some telescopic tower cranes also have a telescopic jib.
Gantry crane
A gantry crane has a hoist in a fixed machinery house or on a trolley that runs horizontally
along rails, usually fitted on a single beam (mono-girder) or two beams (twin-girder). The
crane frame is supported on a gantry system with equalized beams and wheels that run
on the gantry rail, usually perpendicular to the trolley travel direction. These cranes come
in all sizes, and some can move very heavy loads, particularly the extremely large
examples used in shipyards or industrial installations.
A special version is the container crane (or "Portainer" crane, named by the first
manufacturer), designed for loading and unloading ship-borne containers at a port. Most
container cranes are of this type.
Loader crane
A loader crane (also called a knuckle-boom crane or articulating crane) is a hydraulically
powered articulated arm fitted to a truck or trailer, and is used for loading/unloading the
vehicle. The numerous jointed sections can be folded into a small space when the crane is
not in use. One or more of the sections may be telescopic. Often the crane will have a
degree of automation and be able to unload or stow itself without an operator's
instruction.
Unlike most cranes, the operator must move around the vehicle to be able to view his
load; hence modern cranes may be fitted with a portable cabled or radio-linked control
system to supplement the crane-mounted hydraulic control levers.
Mobile crane

Rigging
The process of lifting and moving heavy loads with ropes, chains, and mechanical devices is known as rigging. It is done with the help of
combination of equipments. Rigging equipment is anything used to suspend objects safely overhead. Some common equipment pieces
are shackles, d-rings, span sets, steel cable, eyelets, chain motors, and karabiners. Personal rigging equipment may include chalk, rigging
rope, sphincter bag, c-wrench and multi-tools. Safety rigging equipment may include harnesses, nets, cable safeties, and fall arrests. They
are also known as rigging gears. Some of the main rigging gears are ropes, slings, belts, chains, shackles, bolts, rings, hooks, blocks,
buckles etc.
Accidents occur when any of the component , action, load, signal or other considerable factor mis-match.
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ROPES
Fibre Ropes
The fibres in these ropes are either natural or synthetic. Natural fibre ropes should not be
used for rigging since their strength is more variable than that of synthetic fibre ropes and
they are much more subject to deterioration from rot, mildew, and chemicals.
Polypropylene is the most common fibre rope used in rigging. It floats but does not
absorb water. It stretches less than other synthetic fibres such as nylon. It is affected,
however, by the ultraviolet rays in sunlight and should not be left outside for long periods.
It also softens with heat and is not recommended for work involving exposure to high
heat.
Nylon fibre is remarkable for its strength. A nylon rope is considerably stronger than the same size and construction of polypropylene
rope. But nylon stretches and hence is not used much for rigging. It is also more expensive, loses strength when wet, and has low
resistance to acids.
Inspection: Inspect fibre rope regularly and before each use. Any estimate of its capacity should be based on the portion of rope showing
the most deterioration.
Check first for external wear and cuts, variations in the size and shape of strands, discolouration, and the elasticity or “life” remaining in
the rope. Untwist the strands without kinking or distorting them. The inside of the rope should be as bright and clean as when it was new.
Check for broken yarns, excessively loose strands and yarns, or an accumulation of powdery dust, which indicates excessive internal wear
between strands as the rope is flexed back and forth in use. If the inside of the rope is dirty, if strands have started to unlay, or if the rope
has lost life and elasticity, do not use it for hoisting.
Wire rope
Wire rope consists of three elements arranged in different ways to yield
advantages for specific jobs. The three basics are
1. wires that form the strand
2. multi-wire strands laid helically around a core
3. the core, which can be fibre rope (FC), independent wire rope core (IWRC), or
wire strand core (WSC).

Strand Constructions
Wires in a strand are commonly arranged in one of four basic constructions or
combinations
Ordinary

Seale

Filler Wire

Warrington

The basic strand construction has wires of the same size wound
around a centre.
Large outer wires with the same number of smaller inner wires
around a core wire. Provides excellent abrasion resistance but
less fatigue resistance. When used with an IWRC, it offers
excellent crush resistance over drums.
Small wires fill spaces between large wires to produce crush
resistance and a good balance of strength, flexibility, and
resistance to abrasion.
Outer layer of alternately large and small wires provides good
flexibility and strength but low abrasion and crush resistance.
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lay
The strands of a rope can be configured in different arrangements by lay. Each lay
has characteristics suited to certain applications.
Regular
Lay

Most common lay in which the
wires wind in one direction
and the strands the opposite
direction

Less likely to kink and untwist; easier to
handle; more crush resistant than lang lay.

Lang Lay
/ Lay Lay

Wires in strand and strands of
rope wind the same direction

Increased resistance to abrasion; greater
flexibility and fatigue resistance than
regular lay; will kink and untwist.

Right Lay

Strands wound to the right
around the core

The most common construction.

Left Lay

Strands wound to the left
around the core

Used in a few special situations
— cable tool drilling line, for example.

Alternate
Lay

Alternate strands of right
regular lay and right lang lay.

Combines the best features of regular and
lang lay for boom hoist or winch lines.

Wire Rope Slings
The use of wire rope slings for lifting materials provides several advantages over
other types of slings. It has good flexibility with minimum weight. Outer wires
breaking warn of failure and allow time to react. Properly fabricated wire rope
slings are very safe for general construction use.
Braided Slings
Fabricated from six or eight small diameter ropes braided together to form a single
rope that provides a large bearing surface, tremendous strength, and flexibility in
all directions. They are very easy to handle and almost impossible to kink.
Especially useful for basket hitches where low bearing pressure is desirable or
where the bend is extremely sharp.
Crane accidents take a heavy and tragic toll each year in lives, serious injury,
and /or property damage. The vast majority of crane accidents is the result of
personnel error and can be avoided. Crane operation safety is the result of
effective teamwork among operators, riggers, and crane walkers. In most
accidents, a team member either performs an unsafe action or fails to perform
a required safe action. In a vast majority of cases where team personnel are at
fault, it is due to inattention, poor judgment, overconfidence, or haste to get
the job done.
NYLON SLINGS
Synthetic web slings offer a number of advantages for rigging purposes.
o Their relative softness and width create much less tendency to mar or scratch
finely machined, highly polished or painted surfaces and less tendency to crush
fragile objects than fibre rope, wire rope or chain slings
o Because of their flexibility, they tend to mold themselves to the shape of the
load
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Replace rope if there are
• 6 or more broken wires in one lay
• 3 of more broken wires in one strand in one lay
• 3 or more broken wires in one lay in standing ropes
• more than one broken wire at end connector in standing
ropes.

Core protrusion as a result of
torsional unbalance created by
shock loading.

Worn
Section

Enlarged
view of single
Strand
Where the surface wires
are worn by 1/3 or more
of their diameter, the
rope must be replaced

Protrusion of IWRC resulting
from shock loading

Multi-strand rope “bird-cages” due
to torsional unbalance. Typical of
build-up seen at anchorage end of
multi-fall crane application

A “bird cage” caused by sudden
release of tension and resultant
rebound of rope from overloaded
condition. These strands and wires
will not return to their original
positions.

o The rated capacity of synthetic web slings is based on the tensile strength of
the webbing, a design factor of 5 and the fabrication efficiency. Fabrication
efficiency accounts for loss of strength in the webbing after it is stitched and
otherwise modified during manufacture. Fabrication efficiency is typically 80 to
85% for single-ply slings but will be lower for multi-ply slings and very wide
slings.
o Nylon and polyester slings must not be used at temperatures above 90°C
(194°F).
o Inspect synthetic web slings regularly. Damage is usually easy to detect. Cuts,
holes, tears, frays, broken stitching, worn eyes and worn or
o Distorted fittings, and burns from acid, caustics or heat are immediately evident
and signal the need for replacement. Do not attempt repairs yourself.
o Synthetic web slings must be labelled to indicate their load rating capacity.
CHAIN SLINGS
Chain slings are made for abrasion and high temperature resistance. The only chain
suitable for lifting is grade 80 or 100 alloy steel chain. Grade 80 chain is marked with
an 8, 80, or 800. Grade 100 is marked with a 10, 100, or 1000. The chain must be
embossed with this grade marking every 3 feet or 20 links, whichever is shorter –
although some manufacturers mark every link. Chain must be padded on sharp
corners to prevent bending stresses.
METAL MESH SLINGS
Metal mesh slings, also known as wire or chain mesh slings, are well adapted for use
where loads are abrasive, hot or tend to cut fabric slings and wire ropes. They resist
abrasion and cutting, grip the load firmly without stretching and can withstand
temperatures up to 288°C (550°F). They have smooth, flat bearing surfaces, conform
to irregular shapes, do not kink or tangle and resist corrosion. For handling loads
that would damage the mesh, or for handling loads that the mesh would damage,
the slings can be coated with rubber or plastic.

Chain Sling
Metal mesh

RIGGING HARDWARE
Know what hardware to use, how to use it, and how its working load limit
(WLL) compares with the rope or chain used with it. All fittings must be of
adequate strength for the application. Only forged alloy steel load-rated
hardware should be used for overhead lifting. Load-rated hardware is
stamped with its WLL
Inspect hardware regularly and before each lift. Signs include
o wear
o cracks
o severe corrosion
o deformation/bends
o mismatched parts
o obvious damage.
Hoisting Hooks
o Should be equipped with safety catches (except for sorting or grab hooks).
o Should be forged alloy steel with WLL stamped or marked on the saddle.
Should be loaded at the middle of the hook. Applying the load to the tip will
load the hook eccentrically and reduce the WLL considerably.
o Should be inspected regularly and often. Look for wear, cracks, corrosion, and
twisting—especially at the tip—and check throat for signs of opening up
Shackles
o Available in various types
o For hoisting, should be
manufactured of forged alloy
steel.
o Do not replace shackle pins
with bolts Pins are designed
and manufactured to match
shackle capacity

Swivels
o Reduce bending loads on rigging
attachments by allowing the load to orient
itself freely.
o Should be used instead of shackles in
situations where the shackle may twist and
become eccentrically loaded.

Check for wear
Check for wear &
straightness
Check that pin is
always seated
Check that shackle
is not “opening up”

Turnbuckles
o Can be supplied with eye end fittings, hook end fittings, jaw end
fittings, stub end fittings, and any combination of these
o Rated loads are based on the outside diameter of the threaded portion
of the end fitting and on the type of end fitting. Jaw, eye, and stub
types are rated equally; hook types are rated lower.
o Should be weld-less alloy steel. Lock frames to end fittings on
turnbuckles exposed to vibration. This will prevent turning and
loosening. Lock or jam nuts are ineffective and can overload the screw
thread. Use wire to prevent turning
o When tightening a turnbuckle, do not apply more torque than you
would to a bolt of equal size.
o Inspect turnbuckles frequently for cracks in end fittings (especially at the
neck of the shank), deformed end fittings, deformed and bent rods and
bodies, cracks and bends around the internally threaded portion, and
signs of thread damage.

Turnbuckle End Fittings
Jaw and Eye Combination

Jaw and Jaw Combination

Hook and Hook Combination
Eye

Jaw

Do not use jam nuts

Eye Bolts
o For hoisting, use eye or ring bolts
made of forged alloy steel.
o Use bolts with shoulders or collars.
Shoulder less bolts are fine for vertical
Swivel eye bolt
loading but can bend and lose
considerable capacity under
angle
loading Even with shoulders, eye and
ring bolts lose some capacity when
Correct Orientation
- Load is in the plane of the
loaded on an angle.
eye
o Make sure that bolts are at right angles
to hole, make contact with working
surface, and have nuts properly
torqued
o Pack bolts with washers when necessary to ensure
firm, uniform contact with working surface
particularly important with bridle slings, which always
develop an angular pull in eye bolts unless a
spreader bar is used.
o Never insert the point of a hook in any eye bolt. Use a shackle instead
o Do not reeve a sling through a pair of bolts. Attach a separate sling to each bolt.

Stub

Hook
(has reduced
capacity)

Hook and Eye Combination

End fittings must be secured
Lock wire will hold

Incorrect Orientation
When the load is applied to the eye
Load

Load

Result

Wire Rope Clips
Wire rope clips are widely used for making end terminations.
Clips are available in two basic designs: U-bolt and fist grip.
When using U-bolt clips, make sure you have the right clip.
Never stock malleable wire rope clips. They may be
inadvertently used for critical heavy-duty applications. Always
make certain the U-bolt clips are attached correctly. The Usection must be in contact with the dead end of the rope.
Tighten and retighten nuts as required by the manufacturer. To
determine the number of clips and the torque required for
specific diameters of rope,

Spreader and Equalizer Beams
Spreader beams are usually used to support long loads during lifts. They eliminate the hazard of the load tipping, sliding, or bending as
well as the possibility of low sling angles and the tendency of the slings to crush the load. Equalizer beams are used to equalize the load
in sling legs and to keep equal loads on dual hoist lines when making tandem lifts.

Spreader and equalizer beams are both normally fabricated
to suit a specific application. If a beam is to be used which
has not been designed for the application, make sure that it
has adequate width, depth, length, and material. The
capacity of beams with multiple attachment points depends
on the distance between the points. For example, if the
distance between attachment points is doubled, the
capacity of the beam is cut in half.

Equalizer Beams

Spreader beam

Safety Tip

Whenever two or
more ropes are to
be placed over a
hook,
use
a
shackle to reduce
wear and tear on
thimble eyes.

Loads in A & B do not change
when beam angle changes

SLINGS
Slings are often severely worn and abused in construction.
Damage is caused by
o failure to provide blocking or softeners between slings and the load, thereby allowing
sharp edges or corners of the load to cut or abrade the slings
o pulling slings out from under loads, leading to abrasion and kinking
o shock loading that increases the stress on slings that may already be overloaded
o traffic/ vehicle running over slings, especially tracked equipment.
Because of these and other conditions, as well as errors in calculating loads and estimating
sling angles, it is strongly recommended that working load limits be based on a design factor
of at least 5:1.
For the same reasons, slings must be carefully inspected before each use.
Sling Angles
The rated capacity of any sling depends on its size and its design.
Keep sling angles greater than 45° whenever possible.
The use of any sling at an angle lower than 30° is extremely hazardous. This is especially true
when an error of only 5° in estimating the sling angle can be so dangerous.

Loads in C & D change if beam
angle changes

Effect of Sling angle on sling load

WORKING LOAD LIMITS
Tables
Working load limits (WLLs) for slings can be
obtained from manufacturers’ tables
Rules
There are general rules for estimating the WLLs of
common sling configurations. Each rule for a given
configuration, material, and size is based on the
WLL of that sling in a single vertical

HOISTING TIPS
o Never wrap a wire rope sling completely
around a hook. The tight radius will
damage the sling.
o Make sure the load is balanced in the
hook. Eccentric loading can reduce
capacity dangerously.
o Never point-load a hook unless it is
designed and rated for such use. Point
loading can cut capacity by more than half
o Never wrap the crane hoist rope around
the load. Attach the load to the crane hook
by slings or other rigging devices.
o Avoid bending wire rope slings near
attached fittings or at eye sections.
o The hoist line must be plumb at all times.
o Know the standard hand signals for
hoisting

Synthetic sling/ belt Identification Tag

General/ Recommended Hand Signals for hoisting Operations Hydraulic Boom Crane
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